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REWDLQHG ZLWK SURSHU FRQGLWLRQLQJ FLUFXLW 7KLV YROWDJH LV PHDVXUHG DQG DQDO\]HG WR REWDLQ WKH YLEUDWLRQ FRPSRQHQWV 7KH
DPSOLWXGH DQG IUHTXHQF\ RI WKH YLEUDWLRQ DUH FKDQJLQJ ZKHQ WKH IXQFWLRQLQJ FRQGLWLRQV RI WKH PDFKLQH DUH FKDQJLQJ ,W LV
LPSRUWDQWWRGHWHUPLQHWKHKDUPRQLFVSHFWUDRIWKHYLEUDWLRQIRUGLIIHUHQWIDXOWVDQGWRFRPSDUHZLWKWKHVSHFWUDFRUUHVSRQGLQJWR
WKHQRUPDO IXQFWLRQLQJRI WKHHOHFWULFDOPRWRU7ZRYLUWXDO LQVWUXPHQWVZHUHGHYHORSHG LQ/DE9LHZDQG/DE:LQGRZV&9, WR
PHDVXUH DQG DQDO\]H WKH YLEUDWLRQ 8VLQJ WKH YLUWXDO LQVWUXPHQWV WKH DFTXLUHG VLJQDO ZDV DQDO\]HG DQG WKH YLEUDWLRQ
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,QWURGXFWLRQ
9LEUDWLRQV DUH SUHVHQW HYHU\ZKHUH DQG LQIOXHQFH WKH ZRUNLQJ RI GHYLFHV 9LEUDWLRQV FDQ EH FKDUDFWHUL]HG LQ
PDQ\ZD\V WKHPRVW LPSRUWDQW YLEUDWLRQ W\SHV DUH XQLQWHQGHGYLEUDWLRQV SHUWXUEDWLRQV RU JHQHUDWHGYLEUDWLRQV
ZLWKNQRZQSDUDPHWHUV
7KH XQLQWHQGHG YLEUDWLRQVPD\ EH JHQHUDWHG E\PRWRUV WXUELQHVPDFKLQHWRROV DQG WKH\ DUH WUDQVPLWWHG E\
HQYLURQPHQW 'XUDEOH YLEUDWLRQ RU YLEUDWLRQV ZLWK KLJK DPSOLWXGH PD\ EH GHVWUXFWLYH 9LEUDWLRQ FDQ FDXVH
FRPPXQLFDWLRQORVVFDQDIIHFWWKHEHKDYLRXURIWKHV\VWHPDQGWKHLQVWUXPHQWORVHKLVSHUIRUPDQFH9LEUDWLRQVFDQ




DGPLVVLEOH YDOXHV WKLV LV WKH FDVH RI QRLVH DQG SHUWXUEDWLRQ GHWHFWLRQ 7KH SDUDPHWHUV RI WKH YLEUDWLRQ FDQ EH






H[WHUQDOSRZHUUHTXLUHGJUHDWYDULHW\RIPRGHOVDYDLODEOH IRUQHDUO\DQ\SXUSRVH LQWHJUDWLRQRI WKHRXWSXWVLJQDO
SURYLGHVYHORFLW\DQGGLVSODFHPHQWGHWHUPLQDWLRQ>@
$ UHDO PHFKDQLFDO V\VWHP ZLWK PDQ\ FRPSRQHQWV YLEUDWHV RVFLOODWHV GXULQJ KLV RSHUDWLQJ WLPH 7KH V\VWHP
FRPSRQHQWVDUHERXQGLQGLIIHUHQWZD\VDQGUHDFWLQGLIIHUHQWPDQQHUWRH[WHUQDOIRUFHVDQGWKLVGLIIHUHQFHVFDXVH
UHSHDWLQJ IRUFH DSSDULWLRQ 5HSHDWLQJ IRUFHV DUH GXH WR WKH URWDWLRQ RI LPEDODQFHG RU PLVDOLJQHG FRPSRQHQWV
,PEDODQFHLVFDXVHGE\FRUURGHGGHIRUPHGEURNHQSDUWVJDSVQRQXQLIRUPPDWHULDOGHQVLW\DQGFRPSRQHQWVL]HV











WKH IRUFHZKLFKFDXVH WKHYLEUDWLRQ7KHSHDNRI WKHDPSOLWXGHVKRZV WKHKLJKHVWVSHHGDQG WKHUPVYDOXHRI WKH
DPSOLWXGHVKRZVWKHYLEUDWLRQHQHUJ\>@>@




7KH YLEUDWLRQ WUDQVGXFHUV KDYH WZR SDUWV VHQVLQJ HOHPHQW DQG FRQYHUVLRQ FLUFXLW 7KH VHQVLQJ HOHPHQW LV
JHQHUDOO\DVHLVPLFPDVVW\SHLWLVIL[HGRQWKHPRYLQJERG\DQGWDNHVRYHUWKHPRYHPHQWSUHFLVHO\7KHVLPSOHVW
PRGHORI WKH VHQVLQJHOHPHQWRI WKHYLEUDWLRQ WUDQVGXFHUV LV DPDVVVSULQJGDPSHU V\VWHP7KHPRYHPHQWRI WKH
VHLVPLFPDVVFDQEHGHVFULEHGZLWKWKHHTXDWLRQ
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οܷ ൌ οோଶோ ܸ  
7KHRXWSXWWHQVLRQRIWKHEULGJHLVWDNLQJRYHUE\DQLQVWUXPHQWDWLRQDPSOLILHU7KLVFRQYHUWWKHIORDWLQJRXWSXW
WHQVLRQRIWKHEULGJHLQDWHQVLRQUHODWHGWR*1'DQGDOORZVDQHDV\DPSOLILFDWLRQVHWWLQJWKURXJK3D
7KH DFTXLUHG YROWDJH LV DSSOLHG WR DQ DQDORJGLJLWDO FRQYHUWHU $'& W\SH ZLWK ELWV UHVROXWLRQ 7KH
PHDVXUHGPHFKDQLFDOYLEUDWLRQKDVORZIUHTXHQF\WKHUHIRUHLVQRWQHHGDQWLDOLDVLQJILOWHUDQGVDPSOHKROGFLUFXLW





7ZR YLUWXDO LQVWUXPHQWV ZHUH GHYHORSHG IRU YLEUDWLRQ PHDVXUHPHQW DQG DQDO\VLV 7KH YLUWXDO LQVWUXPHQW
GHYHORSHGLQ/DE:LQGRZV&9,DOORZVYLVXDOL]LQJWKHDFTXLUHGVLJQDODQGWKHILOWHUHGVLJQDO7KHILOWHUSDUDPHWHUV

















,W FDQ EH REVHUYHG D IHZ IUHTXHQF\ FRPSRQHQWV ZLWK VPDOO DPSOLWXGH DQG ORZ IUHTXHQF\ DW VWDUW ZKLFK DUH
LQFUHDVLQJ LQ WLPH 7KH YLEUDWLRQ FDQ EH YLVXDOL]HG PRUH DFFXUDWHO\ EHFDXVH WKH DFTXLVLWLRQ ERDUG KDV D KLJKHU
UHVROXWLRQ
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7KH GHGXFHG HTXDWLRQV DUH SURSHU IRU V\VWHPV ZLWK WZR GHJUHH RI IUHHGRP >@ 6LPXODWLRQV EDVHG RQ WKHVH
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)RU YLEUDWLRQ PHDVXUHPHQW FDQ EH XVHG DOVR VWUDLQ JDXJHV LQ GLIIHUHQWLDO FRQQHFWLRQ 6WUDLQ JDXJHV DUH XVHG





,QGXFWLRQPRWRUYLEUDWLRQVKDYHVHYHUDOFDXVHVRQHRI WKLVDUHGXH WR LPSURSHUEDVH W\SH9LUWXDO LQVWUXPHQWV
ZHUH GHYHORSHG WR PHDVXUH DQG DQDO\]H WKH YLEUDWLRQ RI DQ LQGXFWLRQ PRWRU FODPSLQJ LQ GLIIHUHQW ZD\V 7KH
DPSOLWXGHIUHTXHQF\VSHFWUXPVKRZVDVPDOODPSOLWXGHYDULDWLRQRIKDUPRQLFVLQFDVHRIVRIWEDVH
7KHPHDVXUHPHQWV\VWHPFDQEHLPSURYHE\XVLQJIRXUVWUDLQJDXJHVJURXSLQJLQWZRSDLUVDQGFRQQHFWHGLQWZR
:KHDWVWRQH EULGJH 7KH YLUWXDO LQVWUXPHQWV FKDQQHOV QHHG WR EH H[WHQGHG 7KH YLUWXDO LQVWUXPHQW FDQ EH DOVR
HQODUJHGZLWKPRUHIXQFWLRQVDQGDQDO\VLVW\SH
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7KLVSDSHULVEDVHGXSRQZRUNVXSSRUWHGE\WKH(QHUJ\DQG(OHFWURWHFKQRORJLHV0DQDJHPHQWUHVHDUFK&HQWHU

5HIHUHQFHV
>@ $SSOH/6&KDQ9LEUDWLRQ0HDVXUHPHQWKWWSSHUVRQDOFLW\XHGXKNaEVDSSOHFFRQWUROKWP
>@ $JRVWRQ.6HQ]RULLQDXWRPDWL]DULLQGXVWULDOH(GLWXUD8QLYHUVLWDWLL³3HWUX0DLRU´7J0XUHV
>@ %HJLQQHU¶V*XLGHWR0DFKLQH9LEUDWLRQ&RPPWHVW,QVWUXPHQWV/WGZZZFRPPWHVWFRP
>@ 99HQNDWDVXEUDPDQLDQ55HQJDVZDP\.<LQ61.DYXUL$UHYLHZRISURFHVVIDXOWGHWHFWLRQDQGGLDJQRVLV3DUW,4XDQWLWDWLYHPRGHO
EDVHGPHWKRGV&RPSXWHUVDQG&KHPLFDO(QJLQHHULQJZZZHOVHYLHUFRPORFDWHFRPSFKHPHQJ
>@ 3%URZQ)XQGDPHQWDOVRI9LEUDWLRQ0HDVXUHPHQWDQG$QDO\VLV([SODLQHG/LIHWLPH5HOLDELOLW\6ROXWLRQVZZZOLIHWLPHUHOLDELOLW\FRP
>@ $OODQ%RZHU-HQ)UDQFN.6.LP'\QDPLFVDQG9LEUDWLRQV%URZQ8QLYHUVLW\6SULQJ
>@ *'LZDNDU0566DW\DQDUD\DQD35.XPDU'HWHFWLRQRI*HDUIDXOWXVLQJYLEUDWLRQDQDO\VLV,QWHUQDWLRQDO-RXUQDORI(PHUJLQJ
7HFKQRORJ\DQG$GYDQFHG(QJLQHHULQJ:HEVLWHZZZLMHWDHFRP,6619ROXPH,VVXH
>@ $%5LFKDUGV$-0RRUH%ODVWYLEUDWLRQFRXUVH0HDVXUHPHQW$VVHVVPHQW&RQWURO7(552&.&RQVXOWLQJ(QJLQHHUV
>@ :5)LQOH\00+RGRZDQHF:*+ROWHU$Q$QDO\WLFDO$SSURDFKWR6ROYLQJ0RWRU9LEUDWLRQ3UREOHPV6LHPHQV(QHUJ\	
$XWRPDWLRQ,QF3DSHU1R3&,&
>@%-)XUPDQ9LEUDWLRQ0HDVXUHPHQW([SHULPHQWDO0HWKRGV6DQ-RVH6WDWH8QLYHUVLW\'HSDUWPHQWRI0HFKDQLFDODQG$HURVSDFH
(QJLQHHULQJ
>@)RUFHGYLEUDWLRQRIWZRGHJUHHVRIIUHHGRPV\VWHP1,7.6XUDWKNDO0DFKLQH'\QDPLFVDQG9LEUDWLRQ/DE
KWWSVROYHQLWNDFLQGPGRFXPHQWV0HFKDQLFDOB'2)B606SGI
>@7ZR'HJUHHRI)UHHGRP6\VWHP)RUFHG9LEUDWLRQ7KHRU\
KWWSG\QV\VXPOHGXWXWRULDOVQGB2UGHUB6\VWHPV'2)B0RWRU'2)B'RF7KHRU\IRU7ZR'HJUHHRI)UHHGRP6
\VWHPVSGI
>@7ZR'HJUHHRI)UHHGRP6\VWHPV
KWWSZZZLLWJHUQHWLQVFLIDFTLSSXEOLFBKWPOFGBFHOOFKDSWHUVUBWLZDULBG\QBRIBPDFK&KDSWHUBB9LEUDWLRQRIWZRGHJUHHRI
IUHHGRPV\VWHPSGI
>@$JRVWRQ.6LVWHPSHQWUXGHWHFWDUHDYLEUDWLLORU&RQIHULQWD1DWLRQDODGH,QVWUXPHQWDWLH9LUWXDOD(GLWXUD%5(1%XFXUHVWLSS
>@/DE9LHZ6\VWHP'HVLJQ6RIWZDUHKWWSZZZQLFRPODEYLHZ
>@$JRVWRQ.)DXOW'HWHFWLRQRIWKH(OHFWULFDO0RWRUV%DVHGRQ9LEUDWLRQ$QDO\VLVWK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ
(QJLQHHULQJ,17(5(1*2FWREHU7LUJX0XUHV5RPDQLD3URFHGLD7HFKQRORJ\SS
